Background. Subcutaneous methotrexate (sMTX) administration is considered more effective than the oral route due to better bioavailability and a lower rate of adverse drug reactions (ADRs); however, clinical data supporting this hypothesis is scarce.
Introduction
Rheumatoid arthritis (RA) is the most common form of inflammatory arthropathy and affects 1-2% of the population worldwide. 1 The disease may have a clinical course that is difficult to predict, and the vast majority of patients eventually develop the disease progression with bone erosions and structural damage to the joints followed by functional impairment and increased mortality. The management of RA is aimed to control disease activity and prevent irreversible joint damage. To achieve these goals, early and aggressive therapy is required. New therapies including anti-cytokine drugs, interleukin antagonists or B-cell-depleting agents have revolutionized the treatment of RA. However, therapy using conventional synthetic diseasemodifying antirheumatic drugs (csDMARDs) is still recognized as the first-line treatment that provides a satisfactory clinical response, especially when initiated early. The treatment of RA should be initiated with csDMARDs, a group of various chemical compounds with a not-fully-known mechanism of action, that possess the ability to target inflammation and reduce structural joint damage.
Among several csDMARDs, methotrexate (MTX; a folic acid antagonist) is still recognized as an anchor drug, 2 recommended by the European League Against Rheumatism (EULAR) and American College of Rheumatology (ACR) as the first-choice drug for the management of RA. 3, 4 The recommendations point out that very early use of MTX results in higher clinical response ratio. 3, 4 Moreover, the treatment outcome is related to the activity of the disease that patients experience throughout the period of therapy. That is why the substantial reduction of disease activity and maintenance of clinical remission are now targets of all strategies used in patients with RA. The philosophy of optimal therapy is to achieve remission or at least minimal disease activity, commonly known as "treat to target" (T2T) strategy, nowadays considered as a standard of care in daily clinical practice. 5 Effective treatment should be initiated at the very early stages of the disease, otherwise known as the "window of opportunity", when therapeutic intervention may lead to halting disease progression or even long-lasting remission. 6 Recognizing MTX as the first-line treatment for all patients with RA is based on the results of numerous clinical trials. However, it is still unknown whether the route of MTX administration (orally or parenterally) may affect the outcome, which is of most significance in early stages of RA when the window of opportunity is wide open. Taking into account the better bioavailability of MTX when given parenterally, and less adverse drug reactions (ADRs), the parenteral route seems to be a better therapeutic option. Unfortunately, such therapy is more expensive and may result in patient discomfort related to injections. That is why it is important to assess whether patients treated with subcutaneous MTX (sMTX) may experience some additional benefits overshadowing the higher cost of therapy and self-injection difficulties.
The aim of the study was to evaluate the efficacy and tolerability of sMTX (Metex ® ; Medac Gesellschaft für klinische Spezialpräparate GmbH, Wedel, Germany) in patients with active RA, including a subset of those with an early stage of the disease.
Material and methods
A post-marketing, multicenter, open-label, non-randomized, non-interventional study was conducted by 98 rheumatologists with the participation of 771 adult patients diagnosed with active RA on the basis of EULAR criteria. 7 The only inclusion criterion was therapy with sMTX (Metex ® ) for 2-6 weeks before enrollment. In line with the Summary Product Characteristics, patients with hypersensitivity to MTX or any of the excipients contained in the Metex ® formulation, liver failure, alcohol abuse, severe renal impairment (creatinine clearance below 20 mL/ min), recognized blood dyscrasias (bone marrow hypoplasia, leukopenia, thrombocytopenia, or clinically significant anemia), interstitial lung disease, severe acute or chronic infections (tuberculosis, HIV or other immunodeficiency), ulceration of the oral mucosa, and the diagnosis of active gastric ulcer or duodenal ulcer, simultaneous vaccination with live vaccines, as well as pregnant and breastfeeding women, were excluded from the study.
The study was designed as a post-authorization efficacy study (PAES) (Register: EUPAS18973), in line with Article 1 (15) of Directive 2014/357/EC, as a study related to an authorized medicinal product and conducted within an authorized therapeutic indication aim of complementing available efficacy data in the light of well-reasoned scientific uncertainties on aspects of the evidence of benefits that is to be, or can only be, addressed post-authorization. According to Polish law, PAES studies are not medical experiments and do not require either Bioethical Committee approval or the need to obtain informed consent from the patients for inclusion. As such, neither ethical approval nor informed consent from patients for inclusion into this study was sought.
The evaluation of therapy effectiveness and monitoring of ADRs was an element of routine patient management by the rheumatologists. The study methodology included a collection of effectiveness and safety data during 3 consecutive visits performed in about 12-week intervals, that is, the routine clinical check-ups during therapy. The data was entered into a study questionnaire completed within the 3 subsequent control visits between May 2015 and November 2016.
Monitoring of subcutaneous methotrexate therapy and its effectiveness
Collection of data included: laboratory results (total blood count, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), aspartate transaminase (AST), alanine transaminase (ALT), and creatinine -if performed); an assessment of therapy effectiveness with Metex ® including Disease Activity Score with 28-joint counts (DAS28), based on ESR (DAS28-ESR) or CRP (DAS28-CRP), on center discretion, performed during all 3 visits; compliance with a Medication Adherence Questionnaire (MAQ); and reported ADRs.
Data analysis
Using body mass and height, body mass index (BMI) was calculated. Normal weight, overweight and obesity were defined according to the World Health Organization (WHO) criteria (BMI values of 18.5-24.9 kg/m 2 , 25-29.9 kg/m 2 and ≥30 kg/m 2 , respectively). Rheumatoid arthritis activity was scored based on DAS28-ESR or DAS28-CRP criteria (on center discretion). DAS28 of less than 2.6 indicates remission, 2.6 and higher but less than 3.2 indicates low disease activity, 3.2 and higher but less than 5.1 indicates moderate disease activity, and higher than 5.1 indicates high disease activity. 8 The primary endpoint was the number of patients achieving remission. The secondary endpoint was response rates defined as a decrease in DAS28 > 1.2 with the shift to a lower class activity. Adherence to sMTX was scored on the basis of the MAQ as follows: adherent (≤2 points) or non-adherent (>2 points).
Statistical analysis
Analyses were performed using STATISTICA v. 10.0 PL (StatSoft Inc., Tulsa, USA). All data is expressed as percentages or means with standard deviation (SD). The χ 2 and χ 2 for trend tests were used to compare qualitative data. Changes in quantitative data accross the visits were analyzed with a single-factor repeated-measures analysis of variance (ANOVA) for normally distributed or Friedman test for not normally distributed variables. Logistic regression analysis was used for calculation of odds ratios (OR) and 95% confidence intervals (CI). A p-value of less than 0.05 was considered statistically significant.
Results

Study group characteristics
The characteristics of the study group of 771 patients (mean age 56.7 ±11.3 years) diagnosed with RA is shown in Table 1 . There was a high predominance of women (3.7:1). Patients with early RA (up to 6 months after the onset of symptoms) accounted for 9.5% of all studied patients.
Laboratory tests carried out before the 1 st visit (treated with sMTX from 2 to 6 weeks in 70.4%) showed a more than 2-fold elevated activity of ALT and AST (>80 U/L) in 0.6% and 0.3% of patients, respectively. Leukopenia and thrombocytopenia occurred in 1.4% and 1.0% of patients, respectively. Anemia occurred in 4.8% and chronic kidney disease (estimated glomerular filtration rate (eGFR) <60 mL/ min/1.73 m 2 ) was observed in 8.3% of patients.
At the 1 st visit, 3.5% of patients already obtained remission, 10.4% presented low activity, 39.3% moderate, and 46.9% very active disease. There was no association between the disease activity and nutritional status (data not shown).
Course of treatment with subcutaneous methotrexate
The mean weakly prescribed dose of sMTX at the 1 st visit (18.0 ±4.9 mg) was increased during the subsequent 2 visits by 2.2 mg to 20.2 ±4.2 mg. There were only 2 dropouts, 1 patient did not accept the subcutaneous route of drug administration, and 6 patients discontinued therapy due to ADR occurrence. In 1 patient, therapy was discontinued due to detection of anti-HCV antibodies. According to the MAQ, the compliance to therapy was over 99% (Table 2) . 
Therapy effectiveness
Among the 761 patients continuing therapy with sMTX for 23 ±4 weeks (3 rd visit), remission was obtained by 19.2% and 34.2% achieved a low activity of the disease ( Table 2) . Response (decrease in DAS28 > 1.2 with a shift to a lowerclass activity) was achieved by 529 patients (69.5% of included). There were 22 patients with RA exacerbation (2.9% of included) during the therapy.
Older patients (aged >60 years) were less likely to achieve both remission or response to the therapy with sMTX (OR = 0.61 (95% CI = 0.39-0.93) and 0.82 (95% CI = 0.71-0.95), respectively), while overweight/obese patients and those with early RA had a greater chance to get a response (OR = 1.11 (95% CI = 1.00-1.24) and 1.18 (1.03-1.34), respectively) ( Table 3 ). 
Adverse drug reactions
In the period from initiation of Metex ® use up to the 1 st visit and the subsequent 160 days of follow-up, ADRs were reported in 16 patients (2.1%): nausea (n = 8; 1.0%), headache (n = 3; 0.4%), alopecia (n = 3; 0.4%), loose stools (n = 1; 0.1%), and injection site reaction (n = 1; 0.1%). There were no serious or severe ADRs, or reactions not included in the summary of product characteristics (SPC). As a consequence of ADRs, therapy with Metex ® was discontinued in 6 patients, and doses applied were reduced in 2 patients. An at least 2-fold increase in ALT activity was observed in 10 patients (1.3%).
Discussion
The results of the study confirmed the role of MTX as an anchor drug for patients with RA and are in agreement to numerous previous studies showing the efficacy and good tolerability of this drug. Unfortunately, the majority of these studies utilized oral MTX in monotherapy or in combination with other synthetic DMARDs and biologic agents, so the final conclusion on the therapeutic potential of MTX may not be free of bias. However, when we extracted data on sMTX administration from completed trials, they were in high concordance with those obtained in our study. During the 25-31 weeks of active treatment (including a 2-8 week period of MTX treatment before formal inclusion into the study) complete remission was obtained in 19.2% patients. This is in agreement with the results of Bijlsma et al., 9 where the remission ratio in the sMTX arm was as high as 20% in week 20 followed by 40% and 44% in week 40 and 104, respectively. Quite recently, Müller et. al. 10 published an analysis on the effectiveness of sMTX in patients with early RA from the St. Gallen RA cohort. This real-world analysis showed higher rates of remission (75.7%) and low disease activity (81.1%) than our study. However, some differences between these studies need to be addressed. The St. Gallen cohort comprised only patients with early RA (n = 70), in whom the remission rate is usually higher than in patients with long-lasting disease. 10 Moreover, as many as 37 of the patients from the analyzed cohort had been switched to biologic therapy due to the lack of MTX effectiveness. 10 After recalculation, the rate of clinical response to the achievement of low disease activity is about 40%, which is in agreement with our data.
The Treatment of Early Aggressive Rheumatoid Arthritis (TEAR) study was designed to assess the need for combination therapy in patients initially treated with MTX, and enrolled 775 patients with early RA. 11 In that study, 28% of patients treated with MTX had remission (DAS28 ≤ 2.6) at week 24, which is a slightly better result in comparison to our study, with remission attained in 19.2% of patients. The inclusion of selected patients with early RA may explain the higher rate of clinical response than in our study.
However, when we analyzed the data from a subgroup of patients with early RA, the results from both studies showed a similar effectiveness of MTX (25.7% in early RA in our study). The better clinical response in early RA (defined in our study as clinically overt disease duration of less than 6 months) than in patients with long-term disease shown in our study (OR = 1.18 (95% CI = 1.03-1.34)) is similar to that reported in a Swedish cohort where remission was observed in 30% patients on MTX monotherapy. 12 This is an important finding, as a relatively high clinical response rate in early RA in MTX monotherapy contributes significantly to the substantial reduction of diseaseassociated joint damage and overall better prognosis in line with the philosophy of the "opportunity window". The efficacy of MTX in early RA can be seen in clinical trials with numerous biological agents where MTX served as the comparator. In one of them, the ACR 70 response index (roughly equal to remission in EULAR) in MTX alone reached the level of 20-25%, 13 which is again in perfect line with results from our study. The weak point of this comparison, however, is a lack of the specification of what route of administration was used in patients in these trials.
The high remission and low disease activity ratio observed in the current study (53.4% of patients) and the good clinical response observed in 69.5% of them may be explained by rapid tittering of MTX dose on the basis of clinical assessment during control visits, resulting in the increase in mean MTX dose by 2.2 mg per week. This indicates the need for detailed routine assessment of patients and for adjustment of the drug dose to obtain better clinical outcomes. In the present study, patients received relatively high MTX doses (20.2 ±4.2 mg). It is known that the bioavailability of greater MTX doses (over 15 mg) differs depending on the route of administration. The bioavailability of oral MTX administration reaches a plateau for doses over 15 mg, whereas the bioavailability of sMTX shows further linear absorption. 14 This easily translates to better clinical response and a lower DAS index in patients on sMTX treatment, as was shown recently in early RA. 15 The superiority of sMTX over oral MTX was shown by Braun et al. 16 in a phase IV randomized double-blinded trial. This corresponds to the satisfactory response in our study that has been attained in a relatively high percentage of patients. There is also growing evidence that subcutaneous administration is superior to oral MTX in regard to its effectiveness and toxicity. 15 It should be stressed that 1/3 of patients on sMTX in our study did not experience any clinical response. Such patients may benefit from switching to biologic agents; however, before the initiation of such therapy, combined treatment, including glucocorticosteroids, and MTX dose adjustment, especially in the patients without risk factors for the progressive disease, should be considered. 3, 7 Our study demonstrates a high adherence to sMTX therapy, with only 1% non-compliant patients. Similar data comes from 2 retrospectives studies, where a higher rate of therapy persistence in patients on sMTX than those receiving the drug orally has been observed. 15, 17 There are several factors that may explain such good results. Firstly, sMTX is characterized by better tolerance and fewer ADRs. Secondly, the good clinical response and reduction of disease-associated symptoms observed in the majority of our patients contribute significantly to the very high continuation rate.
It is estimated that as many as 66% of patients on oral MTX experience adverse events, usually of low or moderate intensity, and in approx. ½ of the cases, the adverse events are related to the drug (ADRs). The most common ADRs reported in patients on MTX are gastrointestinal disturbances (nausea, vomiting, loss of appetite, and diarrhea). 18 Their occurrence precludes obtaining clinical benefits of MTX therapy. However, several reports emphasize that the frequency of ADRs may be reduced by choosing the subcutaneous route of administration. 19, 20 In addition, we showed a better response to MTX in overweight and obese patients. This is not surprising, as nutritional status somehow reflects the activity of the disease. 21 The rapid reduction of body weight in patients with RA is largely due to the release of pro-inflammatory cytokines (mainly but not exclusively to tumor necrosis factor α (TNF-α)). Such an explanation of the relation between response to MTX and nutritional status does not seem to be fully justified, as we failed to find an association between RA activity and nutritional status assessed at the 1 st visit.
The study showed the high efficacy and tolerance of sMTX in a real-world rheumatological practice and confirmed observations from heretofore completed controlled trials. The good efficacy of sMTX and low frequency of ADRs, which were only or mostly moderate and acceptable by the patients and did not cause therapy cessation in the study, seems to increase the adherence to the therapy by satisfied patients. During follow-up, including an earlier 2-8 week initial treatment period and subsequent 23 weeks of Metex ® use, only 16 ADRs were reported. The most common ADR were: nausea (occurring in 1% of patients), alopecia (0.4%) and headache (0.4%). There were no ADRs not included in the SPC, nor were there serious or severe ADRs. As a consequence of ADRs, Metex ® therapy was stopped in 6 patients, and in 2 patients the dose was reduced. Reported laboratory results show a more than 2-fold increase in ALT in 1.3% of patients only. However, the limited scope of the collected data does not allow a full interpretation of the results of the laboratory tests, and an explanation of the reasons for the increase in ALT and not reporting it as an ADR. In some cases, it may have been coexisting liver disease, concomitant use of statin or alcohol intake.
This study has some limitations related to the lack of data concerning therapy previously used, including other DMARDs and corticosteroids. The activity of RA was monitored with 2 DAS28 scoring systems with good clinical correlation, but not equivalence. 8
Conclusions
After 6-month therapy with sMTX, about 70% of patients with RA achieved a clinical response and remission was observed in 20%. Younger age, overweight/obesity and an early form of the disease are factors increasing therapy effectiveness. Subcutaneous MTX is well tolerated.
